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To de~cribe  the phenomenon of fallout we nnrst, of course, begin with * 

I 

the nuclear detonation. The main dfsctlslgulshing feature of a &tomtian . ' 
_ _ _ I  -. 

of t h i s  type is a tremedmm release of energy -st insteaztaneo~ly and 

within s very small space. The actual. anaunt of ene2.W in calories is 
. . - 12 

related to kilotons of y l d d  in the ra t io  10 to  1 a c e o w '  .to the 

A W c c  Ebmgy Ccmdesion book E3f'ects of Atomic Weapons. O r ,  in other 

words, one kiloton is equival+nt to ~ n e  trillion calopfes of energy. 4 

/ 

To get s zueteosologfcal @oqE%rison for this mount of energy, we 

might compute the energy released by the condensation of water.  S q p ~ s e  
--. 

we consider a. depth of k e h l n f a l l  of one centimeter aver one aquare kilo- 

m e t e r ,  or, 10lo gme of water. Allowing 540 calorfee per gram of water 

condensed, the energy released would be 5 -11 t 1012 celmtes, or ap-i- 

mstely 5 kilotonre. The big difference, of couree, is the fact  Wt?:k.he . . 

rainfall releasee i t s  energy throughout a large volume of atqspbere m d  

over a perlod of time measured i n  minutes or hours, adhereas the bomb 

rdeaeee its erergy wlthfn a very b k l t e d  W c e  and In s matter of seconde. 

This release of energy m t e s  eb hot bubble of air which rfsee b e c w e  

of its buoyancy. The char~cterfstic xuufihromaped cloud associated wPth 

nuclear explosions is formed by water vapor condensed as a result of 

vertical lifting. The tapemtw°e gradlent betmen the hot bubble and the 

Another unique feature of a nuclear ex-plosion i r  the formation of 

ficsefon fra@wxbts. These w e  the end px-oduct~, of the muttjag of the 



4 - . - 
Yhxu~ium atoms andi are ahmaat all ~ o a c t i v e .  Fiseion -ts, together 

I 

,wit& q other debris mixed into the fireball st ern early sage ,  are carrfed 

.aloft, and as the cloud rises, same of the rrraterial nqy  be left behind . 

1 .  I 

:forming a vrhe or stem. The cloud w i l l  stop rising when the &rW 

'available to lift it has diesigarfad. A t  t h l e  tine, Wch i s  referred IA 

as the time of stabilfsation, the sptial  dli&lhtfon of the ~ o a c t i v l t y  

prMdee an6 set of the fnf t i a l  conditfone required i n  the fkUuut -1. ! 

1 I 
Within this etabllieed cloud are  vituaUy a U  the fission products 

formed by the nuclear detonation. ~ o a c t i v e  par t i  ulee m e ~ r  be form& by 

condensation of vaporized naterial or by the coalescence of fiseian products 

~AQI m i i i  or  l i q u ~ d  earth particlea. me s i m  of the particles i e  det* 

'dned largely by the fn f t i a l  conditions of the burst; i f  l i t t l e  solid 

mrrterial is taken Into the cloud, the particles w i l l  ig a l l  likelihood be 

sanall; i f ,  an the other hand, the device f a  detamted on the surface, 

many tone of earth w i l l .  be p3wept into the cloud dlsd a si-ble f'kactfon 

of the fission producter w i l l  be contained in large pr%icles.  The size 

of the W i c l e s  contahlng Padiabetive elements has an lmpop'bat bearhg 

on the fkllout problem. !Be sadiors@CivftQI located in or on large pkrticles 9 

w U l  br bm@t rapfdly t o  the gmmd, that lodged in Rmall particles #ill 

retli.8li.n s u m d e d  in the atmosphere for long pe r lob  of tfnre. Another of 

the i n i t f e l  conditions mquired In &he fallout model fer, therefore, the 

distrfbution of sctivity w i t h  gart iale size in  the eteblUae8 M. 

One of the features of the ffelsion giro8ucts ubich mast be eonsidered 

18 the ra te  of decay. If the ra te  of decay is such that l i t t l e  radio- 

setlvity i e  left when the px%lcles rearch the ground, the effect on l i f e  

ent ia l  law, each w i t h  i t 8  o m  ehaparcteristio half l i f e .  When the  decajr. 

!<.W r<, *T: 
,$ m i  a, @@S 
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rates of a l l  the different elements w e  added together, the decay of the 

mixture is  given sppmxiPltely by a power l a w .  

Because of thls decay it f e  neceesasy to case- consider the time when . 

particles P& the ground in corngutlng the pattern of dose rate. 
4 

I Figme 1 &ow01 the d i s ~ i b u t i o n  of actfvl ty with &u?tfcle s ise  a~ 

reeonstmeted fVom two -out patter& observed after euahce b u r s b e  

Within the range of uncerteinty of measurement, thie dfstebution appears 

to be valid for  both fianall devices in Nevada and large devicee fra the 

Paciflc. The liraited amount of data available did n d  $kmlde the means 

for estfplsthg the eflect of hi1 m e  on p r t l e l e  siae d i ~ b u t i o n .  

Given the stabflfeed clmd end the aesoclated dfdzibution of actid* 

w i t h  m i c l e  size and i n  w e e ,  it ie neceesesg to deternnine the po6itfon 

6 of the activi ty sfteP it to the ground. TBe rate of ibll is of 

prlmmy impmtance here. The first w i c a l .  method which came te mind 

fir describing rate. 6f fall ~ r a s  8tokegs Law, but f t was soon f w d  by 

exslBining U o u t .  sample8 that some ZBpge particles ware In the Penge of 

one thowand anicrossl dbawter, sbnd Stokeee I s w  does not apply to  mch 

large particles. Therefore, en -c I s w  of fkll m a  wed which 

take6 into account, by mefans of drag ccxfficients, ieertfaf, era w e l l  as 

vfecous forces. Figure 2 shows the eamgaullerog 0% different faPl rates 

. . Meed an ~ r ~ n t a l  data. !be solfd tmrvee are based an Stoke" I a w  
. - 

for  10, 50and 500 d-n. radius particles. Note tkt $tokegs Law is 

. . not s e n s i t i v ~  to the densitg to the atmspheraj thus the variation of 
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FIG. I- RADIOACTIVITY AS  A FUNCTION OF P A R T I C L E  S I Z E  
FOR THE S T E M  A N D  MUSHROOM O F  AND ATOMIC CLOUD 



FIG. 2-THE TERMINAL VELOCITY OF P A R T I C L ~ S  IN THE ii ATMOSPHERE 
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,fall velocity with height is due solely to cPLanges in vis ,wsi tyo.  IAe 

&shed w e e ,  representing the aerodynamic l a w  for perfectly tmmth 

spheres, h o w  Wt the fall rate is ~len~ritive to tihe deneiw of the stzme- 

Mere and further that various lgch9.tid.e eissee are affected qufte different3gP. 

Now, the actual particle$ involved are by no mans 6mmth spheae~j tlhw, lt 

i s -not  quite pper ,  a&thoug;B we have dona thie in our alcmlatiom, to 

use t h e  S E L O Q ~ ~  lav. me dotted mmee show the a 1  veloeitiee based 

on W g  coaffloienta nzeasused and reported in the Hsn@u& der BcprhentaJ, 

Pbyeie for what the ~er%menters term "*Usher Ko~p8r." 

Of eouse, ss the gsPtieles start to fBLU through the atmosphere, a e j p  

w i l l  be awried by the tr$nd. %?here m e  a mny wind effects aetd ab have 

to Be taken info taeeotrunt. Firet, the whole cloud wtU be m e d  bodily by 

the maax wriad at the cloud level. A t  the same tlm, fhese will be . - 

effeete due te the variation of the wind w i t $  altitude and tmhiaant effeats, 

I asU scale racWes, which wtU. tend to qp& and tear the cloud. figure 3 

&ion cubic cloud8 18 order to demanr~trate best how.tbe different sfzes of 

the mean a d .  &etch (b) &ow8 wWt would laawn if there were eddies of 

a d  t w i e t h g  it, 81retuh;. (c)  'shows that if there tmre e M i e s  of m mder of 
S 

m t u a  mhllea e b a ~  the cia, little &spa of &brio mmld be p U l a d  
;+ 9 

*- . I 

out aaBd wieps of clear 5ir drawn in. The effect of sh- i~r &om in 
$: 

sketch (d) - the eloud will be d p w n  into a 1 q  ribbon. If them 

motions of the atrnc-e a& put , - .'tbge%&?, ...-. &ketch ( b )  ahon, what the squire 
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(A)  Gross movement- atmospheric motions of a ( 0 )  Horizontal deformation-atmosphari~ ~ l a t w  
scale large compared with cloud dimensions of a scale comparable to cloud dimension 

( 0 )  Vertical deformotion -sLaW &f 
horizontal wind in the verfiicat 

Horizontal section - 

Vertical section 

(€1 Total affect of grosa movement, 
deformation,ond eddy diffusion 



'cloud would look Like after a period of time under the cambined influence ! 

I 
of .all tlnese motions - - not exactly a pleasant thing to try to deal w i t h  , 

]mth-ti-. I I 
c ! 
i It nmsf be obvious without going into the detaile that there are msqy ' . 

I 
meets of this problem dhich are not well understood. T&.e distribution of 
: 1 

'aotiviw w l t h  size 16, n ~ t  well known. The spatial. distributfon of the 1 
i 

' act ivi ty has not been meamred, and the m.iaJ1--8oale motions of tihe a w e -  : 
: 

phwe preraent a sttatistical fluctuation wbi& can not be predicted. However, 

in order t o  mike 6 ~ 1  ap~~poximation, a s3mplified picture has been consQrrucW 
I 

,4a txy t o  explain fallout.  F5guz-e 4 stsoh the cloud in model form. It 

risee to height Etj Ht ie a a c t i o n  of the amount of energy released aad ; 1 
I 

I 

the ambient atznwpheric conditions a t  the time. f t  i e  essurned to be a 
1 

'~Xinder  (the nnuhmxm) of er c d t n  aleBleter PnnB thickness set on a etem 
I 

As fkr a~ the a c t i d t y  dletribution wfthin t h i s  Claud fe concerned, it 

bs been assumed that most of the BCtiVIty, becaw 0% the great s tab i l i ty  

of the eanoke-rlng cirouletion, w 3 . U  rfee b t o  the q p p ~ ~  gsrst, w l t h  8 cmw?'i 

ermaunt t ra I l fnE3 down iata tlae stem. It i s  assumed that there is s amstant I 
mix- r a t i o  thPou& the awhrooan. Thfa mtaas thaf a caunt of gasticlee 

.pzr unit volume wIU &ow exponential bcsease through the m-. It I 
. . 

baa been assumed also that  the ooracentration is conatcult throughoik the 
f 

etern. + . 

AS for tha distribution of activity ~ t h  different part icle &&s,;* 
.. 

reaourse to e- classifieii results has ylelded a m a  im of the aitivit~r 

cm partielee of varfoue sisea. This frs ehovn in Feg. 1. For fbl l  velocities 

a choite of lam exists. The roundish body remlts reported i n  the l i t a r sh  
. . 

4 .  . 



ACTIVITY DISTR.IBUTION WITH HEIGHT 
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DIMENSIONS O F '  CLOUD 
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s e a  most co~s i s t en t  w i t h  the physical pictare, but to s+iPy the t 
I 
i calculation, the snaooth sphere results of Fig. 2 were used. 

4 

With these ~ i q p l i f l w t i o n e  it i a  posleible to mke arlthmatic , 
I 

- tElt ioneandg;soduceacalculstedmutpttesndhfchtri l lsme 1 
f 
! 1 
a for a oomparisan vith ob-ed results. In The m e k s  of Atomic b p o ~ s ; ~  

Appendix  F, the equsrtions for the tra,jectosies of particlee are 8Boan. 

f These have been nmdifled slfghtly an8 put into the f o l l e  form: 

! 
where x is the distance out along saare cocdlmte,  r is the radius of 

w 
. particle, H ii the height at which it atexts,  W is the faU. veloclty and 

1 V is the wind v e l o a i ~ .  Hote tIast the turbulent dlffusiem bas been 

. . 
ignored; it is assmad that the effect is wwll compared with the effecte 

of shear md tranBZBtfm. We hope that dif'fuaion will, in part, counter- 

balance errors in our assuqtion of s cylfndrical cloud. 

The sloud FSE~S UVfded into increazenta of height, 8nd each slice a s  
I 
1 

divided into jncrenaenter of particle size. The ~ e c t o r l e s  for each a% 

these poygs of pmticlea wa.6 then computed for the center of the cluud. 

pwfifcle s h e .  The position fomuUe ean be epplid to get the xy posftlch 

of the center of asgr even group of particles of size r from he-t H; 
- 

fmm the a c t f v i w  distribution, the sadicmctive flesion pmdpet asmclated 
- c ' w i t h  these particles is hm. The groqpe of perticle~ are as- to  

: naaiateln 8 c%rcular pattern. ldhen'all the positions sn the ground are . 

* .  
; Imam, the contributions fmm a l l  of the a f f e r e n t  (H) p o q p s  t o  the 

, . 
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1 

radioactivity a-1; a series of goht r~  mi be mumed. 'f.4e gattern of sadi+ ' 
i 

active fillout can be dram i b m  the data at these polnts . '~  I 
I 

\ In order to ahow the t repne l~dsua effect of the wetld an the patterns of' 
I 

1 -out, Figs. 5 md 6 are presented. %em ttsd gattern. were &&ate& 1 
I 

using the model Just described. The parameters which are functions of : 

j baaib yield have been held conotant, and the wiads ksve beem changed. 
I 

~igure 5 shows the ~ t t e r n s  at 1/2, I., and 6 hours far a  moderate^^ 

, st-- wind w i t h  little erheas. Figure 6 Bhows the patterns for tbe ~psse 

I 

tbmj but under eonations of U&t and variable wiadlss. !&em patterma, I 

I 

, are psobsbly extrae cases, but they were both calculated from actual ; 
w h d  soundings anti serve t o  dmmmtrate tkae arit fal  m t w e  of the 

I 

I 

E E ~ @ O Z W ~ O @ C & ~  f b c t ~ s  ~f the f a l l~~ t  mblm. 
I 

I The model is mde, and it fd0ul.d not be ressomtbbe to expect that by I 

ass* certafn faeta  bout the size, $haw, and distribution in the I 

cloud an accumte predictlton could be mde for a actual, event. Homer, 

patterns so coxastructed are e i p l l m  to those that  are f m d  er f%cz  test shots. 

This 1-dlB w to believe that ve me on T f & t  track Wsfcally m4 that 

we U be able to hprovg: our Baodel and knowledge of fsllout by fsllmhg 

orlong thie track ahd t m  t o  get the n e c z e s w  itatw to reghce o w  
L - 

I 

assumptions with,. observed fg)cts. 
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